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Abstract
Fourteen species of Late Permian Albaillella (Radiolaria) are described from a bedded-chert section in the Gujo-
hachiman area, Mino Belt, Japan. The following five species are newly described: Albaillella yamakitai, A. cavitata,
A. protolevis, A. angusta andA. yaoi. Based on the stratigraphic distribution and morphologic features of each species,
the phylogenie lineage of Late Permian Albaillella is proposed.
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Introduction
The genus Albaillella (Albaillellaria, Radiolaria) has a
long range from Carboniferous to Permian, and Late Permian
Albaillella forms a monophyletic group in this large genus
Albaillella. One of the characteristics of Late Permian
Albaillella is one robust ventral wing. This group was found
at first from a bedded chert in the Tamba Belt, Southwest
Japan (Takemura and Nakaseko, 1981). Five species of this
group were descri bed (lshi ga et a!., 1982; Kuwahara and
Sakamoto, 1992). There are many reports of the occurrence
of Late Permian Albaillella in the world (e.g., in North
America: Noble and Renne, 1990, Blome and Reed, 1995; in
the Philippines: Cheng, 1989, Tumanda et aI., 1990; in China:
Wu and Li, 1989, Wang and Li, 1994; in Russia: Rudenko
and Panasenko, 1990, Rudenko et aI., 1997). A large number
of Late Permian Albaillellid occurs in the whole radiolarian
assemblage of this age. The stratigraphic range of each spe-
cies in this group is rather short, and therefore, species of
Late Permian Albaillella have been noted for their biostrati-
graphic significance. Recently, morphologic change is clearly
observed in this group (e.g., Kuwahara, 1997). The change
of mean size in each species may be influenced by the
paleoenvironmental change. The study of Late Permian
Albaillellids may provide more information, not only for a
high-resolution biostratigraphy, but also for paleo-
environmental reconstruction.
Well-preserved radiolarians of Late Permian age were
discovered in the locality G 1709 by Wakita (1983), from the
western Gujo-hachiman area, in the Mino Belt, Japan. The
radiolarian assemblage was obtained from an allochthonous
chert block, in the Jurassic matrix of the Mino Belt. A suc-
cessive stratigraphic sequence of bedded chert was preserved
within this chert block, and temporal changes of radiolarian
assemblages were clearly observed (e.g., Kuwahara and
Sakamoto, 1992). Kuwahara and Sakamoto (1992) recog-
nized eight species of Albaillella from this section.
Recently, the Upper Permian radiolarian biostratigraphy
was re-examined in this Gujo-hachiman section (Kuwahara
et aI., 1998). Four radiolarian assemblage zones (A. Z.) were
recognized: Follicucullus scholasticus-F ventricasus A. Z.,
F charveti-A. sp. FA. Z., the N. omithoformis A. Z., and N.
optima A. Z., in ascending order. It was clarified that the
previously stratigraphic order of the N. optima A. Z. and N.
omithofarmis A. Z. by Ishiga (1986) was reversed. In the
course of the reexamination, some species of albaillellids were
detected newly.
The phylogenic reconstruction of Late Permian Albaillella
had been based on the earlier (reversed) biostratigraphy (e.g.,
Kuwahara, 1997). After the biostratigraphic revision, the
phylogenie lineage of Late Permian Albaillella must be re-
considered.
The purpose of this paper is: (I) description of the new
species of Late Permian Albaillella; (2) reconstruction of the
phylogenie lineage of Late Permian Albaillella.
Materials
The Jurassic accretionary complex in the Mino Belt is
widely distributed in central Japan. It is subdivided into sev-
eral geologic units. One of these units, the Funafuseyama
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Fig. 1. Index map of the studied section.
unit (Wakita, 1988), is composed of Middle Jurassic melanges
and disrupted turbidites with a large amount of blocks of Per-
mian age. Study samples were taken from a bedded chert
block occurring as an allochthonous block in the Funafuse-
yama unit.
The geographic site of the sampling locality is 35°43'55"N
and 136°51 'OTE. It is situated in the Mio Gorge, Itadori
Village, Gifu Prefecture, Japan (Fig. I). This locality is the
same as the sampling point of G1709 by Wakita (1983).
Study sections are composed of gray bedded chert. Fig-
ure 2 is the sketch map of the outcrop, showi ng the study
sections, named the GA-GF sections. The thickness of each
section and the sample numbers are as follows; GA section:
9.7 meters in thickness (Gj-6 - Gj-140); GB section: 1.7
meters (Gj-I - Gj-5, Gj-304- Gj-305), GC section: 2.3 meters
(Gj-141 - Gj-143, Gj-202 - Gj-207), GO section: 4.7 meters
(Gj-400 - Gj-469), GE section: 2.9 meters (Gj-500 - Gj-542),
GF section: 4.0 meters (Gj-600 - Gj-651).
the Neoalbaillella ornithoformis A. Z. (upper GO section and
lower - middle GA section) and the N. optima A. Z. (upper
GA section, GB section, GC section). A. sp. F is newly de-
scribed as A. yamakitai in this paper. Therefore, the name of
the F charveti-A. sp. FA. Z. is revised to the F charveti-A.
yamakitai A. Z., herein.
Sixteen species of genus Albaillella were detected in the
Gujo-hachiman section. However, Middle Permian A.
asymmetrica Ishiga and Imoto and A. sinuata Ishiga and
Watase are not treated herein, because these occur rarely in
the studied section, and the phylogenic relation with Late
Permian Albaillella seems distant. Therefore, fourteen spe-
cies of Albaillella are described in the chapter of systematic
paleontology. These are Albaillella sp. G, A. yamakitai, A.
cavitata, A. protolevis, A. levis, A. lauta, A.flexa, A. angusta,
A. excelsa, A. triangularis, A. sp. 0, A. sp. C, A. sp. B, and A.
yaoi, in ascending order.
Radiolarian Assemblage
Phylogeny of Late Permian Albaillella
The Late Permian radiolarian assemblage in the Gujo-
hachiman section is composed of albaillellarians,
entactinarians, spherical spumellarians and stauraxon
spumellarians. Aibaillellarians occur commonly, though the
ratio is less than 4 percent in total radiolarian individuals.
Based on the composi tion of al baillellarians, four assemblage
zones were defined (Kuwahara et aI., 1998) as follows: the
Follicucullus scholasticus-F ventricosus A. Z. (GF section) ,
the F charveti-A. sp. FA. Z. (GE and lower GO sections),
The phylogenic relationship of Late Permian ALbaillella
is reconstructed based on their morphological features and
stratigraphic distribution. There is a linear evolutionallin-
eage from A. sp. G to A. yaoi (Fig. 3).
The earliest form of Late Permian Albaillella is A. sp. G.
In the Follicucullus scholasticus-F ventricosus A. Z. (GF sec-
tion), no Albaillella was detected until now. ALbaillella oc-
curs sporadically in the lower part of the F charveti-A.
yamakitai A. Z. (GE section). The phylogenic relation from
Middle Permian Albaillella (e.g., A. sinuata) to A. sp. G is
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unclear. Based on the morphologic resemblance and strati-
graphic distribution, A. sp. G may be an ancestor of A.
yamakitai. A. yamakitai and A. cavitata have similar forms,
and their stratigraphic distributions are overlapping. Several
specimens that have intermediate form between A. yamakitai
and A. cavitata sometimes occur (PI. I, Fig. 20), and this may
indicate the phylogenie relation between the species. It is
clearly suggested that A. cavitata is a descendant of A.
yamakitai. The phylogenie lineage from A. cavitata to A.
protolevis is also suggested, based on their stratigraphic dis-
tributions and morphologic resemblance. In the same way, a
single lineage originating from A. protolevis, proceeding
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Fig. 2. Sketch of the studied outcrop in the Mio Gorge, Itadori Village, Gifu Prefecture (after Kuwahara et aI., 1998 with addition).
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Fig. 3. Occurrence of Late Permian Albaillella in the Gujo-hachiman section. Arrow shows the phylogenetic relationship of Late Permian
Albaillella.
through A. Levis. A. Lauta, A. flexa. A. angusta. A. exceLsa,
and A. trianguLaris, and terminating in A. yaoi is reconstructed.
There are many intermediate forms between species. An in-
termediate form between A. Lauta and A. flexa is figured in
PI. 2, fig. 15. Another example is an intermediate form be-
tween A. exceLsa and A. trianguLaris, figured in PI. 3, fig. 3.
Through late Late Permian, a single lineage of Albaillellids
may be reconstructed, originating in A. sp. G and terminating
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in A. yaoi. A. sp. D and A. sp. B may also be the descendants
of A. triangularis, but further study will be needed to prove
this.
A. sp. C differs from other Late Permian Albaillella treated
herein by having a dorsal wing. The other Late Permian
Albaillella treated in this paper are characterized by one ven-
tral wing. Probably, the dorsal group of this group was lost
during evolution. It is difficult to consider the revival of old
features that are once lost. Therefore, A. sp. C probably be-
longs to another lineage. A. sp. C might be a minor direct
descendant of Middle Permian Albaillella sinuata.
Systematic Paleontology
Type and figured specimens are registered in the Depart-
ment of Geosciences, Osaka City University (numbers OCU
PR 0213 - OCU PR 0278).
Order Polycystina Ehrenberg, 1838, emend.
Riedel,I967
Suborder Albaillellaria Deflandre, 1953, emend.
Holdsworth, 1969
Family AI baiIIell idae Deflandre, 1952, emend.
Holdsworth, 1977
Genus Albaillella Deflandre, 1952
Type species: Albaillella paradoxa Deflandre, 1952
Remarks: Species of Late Permian Albaillella treated
herein clearly form a monophyletic group. Kozur and Mostler
(1989) descri bed Imotoella as a new genus for A. levis, A.
excelsa and A. triangularis. The internal frame structures
also seem to support their taxonomy (Takemura et aI., 1995).
However, the knowledge of Permian albaillellarians still
seems to be meagre. Therefore, I use genus Albaillella in
this paper tentatively.
Albaillella sp. G
(PI. 1, figs. 1-2)
?Albaillella sp. C in Ishiga and Imoto, 1980, pI. 5, figs. 11-
16.
Albaillella triangularis in Ishiga and Miyamoto, 1986, pI. 64,
fig. 13.
?Albaillella triangularis in Caridroit et aI., 1985, pI. I, fig. I.
?Albaillella triangularis in Caridroit and De Wever, 1986, p.
60, pI. I, figs. 1-5.
Albaillella triangularis in Takemura et aI., 1998, p. 57, pI. I,
fig. 15.
Albaillella sp. G in Kuwahara et aI., 1998, p. 404, pI. 1, fig. 9.
Description: Small albaillellid having conical shell and a
ventral wing, with narrow transverse bands. The number of
transverse bands is about six. Upper part of the shell is
Fig. 4. Measured features of Late Permian Albaillella. HS: height
of shell excluding H-flame; LA: length from shell apex
to wing; LW: length from wing to aperture; WI, W2, W3:
width of shell; AA: bending angle of apical part.
straight. A ventral wing protrudes from near the last trans-
verse band.
Remarks: This species differs form other species in hav-
ing a straight apical part. It differs from A. yamakitai and A.
cavitata by the position of the wing, which is protruding near
the aperture. This species resembles A. triangularis, but dif-
fers by having narrower transverse bands. The shell is not
completely preserved, so further study is needed for the for-
mal description.
Photographed material: 2 specimens.
Measurements: (for the measured feature, see Fig. 4)
fealUrc HS LA LW WI W2 W3 AA sample
specimen Jlm Jlm flm Jlm Jlm flm degree no.
0213 104 73 8 73 77 62 0 OJ-517
0214 116 77 12 69 81 73 10 OJ-517
Occurrences: Late PermIan. ThiS specIes occurs from
the F charveti - A. yamakitai A. Z. It occurs from the sample
of Gj-517 of the GE section.
Albaillella yamakitai Kuwahara n. sp.
(PI. I, figs. 3-13)
?Albaillella triangularis in Ishiga, 1985, pI. 2, figs. 13-19.
Albaillella triangularis in Yoshida and Murata, 1985, pI. 2,
fig. 10.
Albaillella sp. cf. A. triangularis in Miyamoto and Tanimoto,
1986, p. 216, pI. 1, figs. 3-4.
Albaillella sp. cf. A. triangularis in Ishida et aI., 1992, p. 49,
pI. I, fig. 6.
Albaillella sp. cf. A. triangularis in Miyamoto and Tanimoto,
1993, p. 31, pI. I, figs. 18-19.
?Albaillella triangularis in Wang and Li, 1994, pI. I, fig. 17.
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Albaillella sp. cf. A. triangularis in Blome and Reed, 1995,
p. 65, pI. 1, fig. 6
Albaillella sp. E in Kuwahara et aI., 1998, p. 404, pI. I, fig.
10.
Diagnosis: Albaillella which has a conical shell and one
ventral wing, having five transverse bands and a dorsal bulge.
Description: Outline is an imperforate and flattened coni-
cal shell with a ventral wing. Shell height (HS; Fig. 4) is 1.5
times more than width (W2). Upper part of shell is slightly
curved to the ventral side. Five transverse bands are con-
spicuous on the shell surface. Hollows sometimes exist on
shell surface. These hollows may be situated on the connect-
ing points of inner rods and outer conical shell. The ventral
wing protrudes from a point between the third and fourth trans-
verse bands. A small aperture opens on the ventral side be-
tween the wing and main aperture. A bulge exists on the
dorsal side. H-flame is not preserved.
Remarks: A. yamakitai resembles A. sp. G by having nar-
row transverse bands, but differs from it by the position of
the ventral wing protruding. This species is similar to A. tri-
angularis which has four conspicuous bands, but A. yamakitai
differs from A. triangularis in having five conspicuous trans-
verse bands.
Etymology: This species is named after Dr. YAMAKITA
Satoshi in honor of his pioneering study of the Permian / Tri-
assic boundary in Japan.
Type material: Holotype is OCUPR 0215 (PI. I, fig. 3)
from Gj-456; paratype is OCUPR 0223 (PI. 1, fig. 11) from
Gj-455.
Photographed material: 15 specimens.
Measurements:
fealure HS LA LW WI W2 W3 AA sample
specimen JIm JIm JIm JIm JIm JIm degree no.
0215 146 65 58 65 92 96 23 Gj-456
0220 127 58 39 62 112 - 13 Gj-455
0222 158 77 50 73 96 96 18 Gj-455
0223 142 65 58 65 92 85 12 Gj-455
0225 169 69 77 65 92 - 20 Gj-401
Occurrences: Late PermIan. ThIS specIes commonly oc-
curs from Gj-458 to Gj-443, in the GO section. This species
commonly occurs from the F charveti - A. yamakitai A. Z.
This species rarely occurs from the N. ornithojormis A. Z.
Albaillella cavitata Kuwahara n. sp.
(PI. 1, figs. 14-23)
?Albaillella sp. aff. levis in Noble and Renne, 1990, p. 385,
pI. l,fig. 16.
?Albaillella sp. A in Noble and Renne, 1990, p. 385, pI. 1,
fig. 17-19.
Albaillella sp. A in Tumanda et aI., 1990, p. 44, pI. 2, fig. 15.
Albaillella sp. A in Ishida et aI., 1992, p. 49, pI. I, fig. 5.
Albaillella (?) sp. A in Miyamoto and Tanimoto, 1993, p. 31,
pI. 1, figs. 20-21.
Albaillella sp. cf. A. levis in Blome and Reed, 1995, p. 65, pI.
I, figs. 1,2,4,7-11.
Albaillella sp. E in Kuwahara et aI., 1998, p. 404, pI. 1, fig.
11.
Diagnosis: Albaillella which has a conical shell and one
ventral wing having dimple-like hollows.
Description: This species has a small flattened conical
shell with a ventral wing. Outline of shell is pentagonal in
form. Upper part of shell is slightly curved to ventral side.
Shell surface is uneven. Two longitudinal rows of dimple-
like hollows exist on shell surface, probably along inner rods.
Some specimens have slight horizontal transverse bands. A
ventral wing protrudes from nearly 1/3 of HS from main ap-
erture. Two small apertures open on dorsal side near main
aperture. H-flame is not preserved.
Remarks: This species is distinguished from A. yamakitai
by the smoother surface. This species resembles A. protolevis
(described below), but differs by having two rows of hol-
lows, and by rougher surface.
Etymology: Named from Latin cavitatus, -a, -urn, mean-
ing cavitary.
Type material: Holotype is OCUPR 0226 (PI. 1, fig. 14)
from Gj-446; paratype is OCUPR 0233 (PI. 1, fig. 21) from
Gj-446.
Photographed material: 10 specimens.
Measurements:
feature HS LA LW WI W2 W3 AA sample
specimen JIm JIm JIm JIm JIm JIm degree no.
0226 139 81 27 81 85 81 19 Gj-446
0227 127 73 27 85 89 89 23 Gj-446
0233 146 81 39 89 100 89 28 Gj-446
0234 154 65 - 77 - 96 23 Gj-446
0235 146 69 50 77 92 92 23 Gj-60
Occurrences: Late PermIan. ThIS species abundantly
occurs from Gj-446, in the GO section. This species com-
monly occurs from the F charveti - A. yamakitai A. Z. This
species rarely occurs from the N. ornithojormis A. Z.
Albaillella protolevis Kuwahara n. sp.
(PI. 1, figs. 24-25; PI. 1, figs. 1-7)
Albaillella levis in Sashida and Tonishi, 1985, pI. 7, figs. 5-6.
Albaillella sp. A in Cheng, 1989, p.157, pI. 2, figs. 5,6,8.
Albaillella levis in Noble and Renne, 1990, p. 385, pI. 1, figs.
12-15.
Albaillella sp. aff. A. levis in Kuwahara and Sakamoto, 1992,
p. 51, pI. 3, fig. 10-11.
Albaillella levis in Ishida et aI., 1992, p. 49, pI. I, fig. 5.
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Albaillella aff. levis in Kuwahara et aI., 1997, p. 45, pI. I, fig.
20.
?Albaillella aft. levis in Rudenko et aI., 1997, p. ISO, pI. 16.1,
figs. 14, 19,24.
?Albaillella levis in Umeda, 1998, p. lIS, pI. I, figs. 3-4.
Diagnosis: Albaillella, which has a conical shell and one
ventral, wing, having inflated and smooth shell.
Description: Imperforate flattened conical shell having
a hollow ventral wing. Ventral wing protrudes from a point
of 1/3 -1/4 of HS from aperture. Wing gently curves to down-
ward. Upper part of shell curves to ventral side. Shell sur-
face is completely smooth. No transverse bands or hollows
are observed. Outline of shell is inflated. Near main aper-
ture, a small aperture opens at ventral side and two small
apertures open at dorsal side (PI. 2, fig. 2). H-flame is not
preserved.
Remarks: This species is distinguished from A. cavitata
by the absence of hollows on the shell surface. A. protolevis
resembles A. levis, but differs in the inflated outline of shell.
According to Kuwahara (1997), the size of A. protolevis
(treated as A. sp. aff. A. levis) is clearly different from A. le-
vis. For example, the mean height of the upper part of A.
protolevis is 116.50 j1.m, and that of A. levis is 124.22 j1.m.
The proportion of height and width also differs between A.
protolevis and A. levis.
Etymology: Named from Latin proto, meaning first-; ear-
liest form of, and species name levis.
Type material: Holotype is OCUPR 0032 (PI. 2, fig. 3)
from Gj-I06; paratype is OCUPR 0033 (PI. 2, fig. 4) from
Gj-I06.
Photographed material: 12 specimens.
Measurements:
feature HS LA LW WI W2 W3 AA sample
specimen Jim Jim Jim Jim Jim Jim degree no.
0237 146 100 23 81 89 - 41 Gj-401
0032 147 92 33 87 92 76 32 Gj-I06
0033 141 92 27 76 81 65 28 Gj-I06
0240 150 85 39 85 89 69 36 Gj-14
0241 127 81 27 81 85 65 40 Gj-142
Occurrences: Late Permian. ThIS specIes occurs from
the N. ornithoformis A. Z. and the N. optima A. Z. A.
protolevis occurs abundantly in the lower part of the N.
ornithoformis A. Z. This species occurs from Gj-434 in the
GO section to Gj-142 in the GC section.
Albaillella levis Ishiga, Kito and Imoto
(PI. 2, figs. 8-12)
Albaillella levis Ishiga, Kito and Imoto, 1982, pI. 3, figs. 1-4.
Remarks: Albaillella levis has smooth shell with two or
three dimple-like hollows on the dorsal part. Upper part of
shell curves to ventral side. H-flame is shaped sidewise D-
form. Bladed spines exist on H-flame. Total shell height
including H-flame, is about 200-250 j1.m.
Albaillella lauta Kuwahara
(PI. 2, figs. 13-14)
Albaillella lauta Kuwahara, 1992, p. 47, pI. 1, figs. 4-6; p.
49, pI. 2, figs. 8-12.
Remarks: Upper part of shell curves to ventral side. This
species resembles A. levis, but differs in proportion of height
and width, with a large shell height.
Albaillellaflexa Kuwahara
(PI. 2, fi gs. 15-17)
Albaillellaflexa Kuwahara, 1992, p. 47, pI. I, figs. 1-3; p. 49,
pI. 2, figs. 1-7.
Remarks: Upper part of shell curves remarkably to ven-
tral side. The earliest form of A.flexa (PI. 2, fig. 15) has less
curved apical part than the typical specimen (PI. 2, fig. 16).
It is a morphologically intermediate form between A. flexa
and A. lauta.
Albaillella angusta Kuwahara n. sp.
(PI. 2, figs. 18-24)
Albaillellidae gen. et sp. indet. in Takemura and Nakaseko,
1981, pI. 34, fig. 9.
Albaillella sp. A in Kuwahara and Sakamoto, 1992, p. 46, pI.
I, fig. 9.
Diagnosis: This species is a small Albaillella, which has
a conical shell and one ventral wing, with conspicuous trans-
verse bands. Conical shell has a ventral wing protruding from
the middle part of the shell.
Description: Imperforate conical shell has a ventral wing.
Shell height is about three times width. Upper part of shell
slightly bent to ventral side. About seven conspicuous trans-
verse bands exist on the shell surface. Bands are inclined to
the distal dorsal side. A hollow ventral wing protrudes be-
tween second and third bands from aperture. Lower part of
shell is cylindrical. Some blade-like spines exist on both ven-
tral and dorsal sides near aperture. H-flame is not preserved.
Remarks: This species is distinguished from A. flexa by
the less curved apical part. A. angusta differs from A. lauta
in having transverse bands. This species resembles A. excelsa,
but it is distinguished by the more distinct bands and the po-
sition of the wing.
Etymology: Named from Latin angustus, -a, um, mean-
ing narrow.
Type material: Holotype is OCUPR 0252 (PI. 2, fig. 19)
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from Gj-47; paratype is OCUPR 0253 (PI. 2, fig. 20) from
Gj-47.
Photographed material: 8 specimens.
Measurements'
feature HS LA LW WI W2 W3 AA sample
specimen flm flm flm flm flm flm degree no.
0251 174 - - - - 65 29 Gj-47
0252 168 71 71 43 60 65 13 Gj-47
0253 141 65 60 38 49 49 18 Gj-47
0254 - - 43 43 49 49 - Gj-47
0256 150 89 42 54 58 58 28 Gj-32
Occurrences: Late Permian. A. angusta commonly oc-
curs from Gj-47 in the GA section. This species occurs in the
upper part of the N. ornithoformis A. Z. This species also
occurs a litlle in the N. optim.a A. Z.
Albaillella excelsa Ishiga, Kito and Imoto
(PI. 3, figs. 1-5)
Albaillella excelsa Ishiga, Kito and Imoto, 1982, pI. 3, figs.
5-8.
Albaillella sp. B in Kuwahara and Sakamoto, 1992, p. 47, pI.
I, fig. 10.
Remarks: Upper part of shell slightly curves to ventral
side. This species is distinguished from other albaillellids by
its larger shell height and slender proportion. However, there
is a lot of variation in A. excelsa. Some specimens have
smaller height of lower part, and have small ratio in height
and width.
Kuwahara (1997) studied the morphological change
within this species. It seemed that the height of the lower
part of the shell shows a decreasing trend as an evolutionary
change. However, based on the revised stratigraphy, the trend
is an increasing trend. A specimen, which has intermediate
form between A. triangularis and A. excelsa, was detected
(PI. 3, fig. 3). It closely resembles A. triangularis in the up-
per part and has a similar lower part to A. excelsa. This indi-
cates the directly phylogenic relationship of these species.
Albaillella triangularis [shiga, Kito and Imoto
(PI. 3, figs. 6-11)
Albaillella triangularis Ishiga, Kito and Imoto, 1982, pI. 2,
figs. 8-10.
Remarks: Upper part of shell curves to the ventral side.
This species closely resembles A. yamakitai, but differs from
it by the protruding position of wing and curved apical part.
H-f1ame with blade-like spines is sometimes preserved. To-
tal shell height, including H-f1ame, is about 200-230jtm. A
descendant form within this species has broad spines becom-
ing a plate on H-f1ame. Ishiga et al. (1982) described A. tri-
angularis as having a single row of 10-12 small pores on the
apertural band, but such a feature is distinguished as belong-
ing to another new species, A. yaoi, described below.
Albaillella sp. D
(PI. 3, figs. 12)
Remarks: Upper part of shell curves remarkably to ven-
tral side. Albaillella sp. D closely resembles A. triangularis,
but differs by having a strongly curved apical part. This spe-
cies occurs very rarely. It needs more study to describe a
formal species or to decide that it is one intraspecific varia-
tion within A. triangularis.
Occurrence: This species rarely occurs from the Late Per-
mian N. optima A. Z. One specimen was photographed from
Gj-14, in the GA section.
Albaillella sp. C
(PI. 3, figs. 13)
Remarks: This species is a small Albaillella having one
ventral and one dorsal wing. Upper part of shell slightly
curved to ventral side. Three transverse bands are conspicu-
ous on the shell.
Occurrence: This species rarely occurs from the Late Per-
mian N. optima A. Z. One specimen occurs from Gj-I 0, in
the GA section, and another one specimen occurs from Gj-
142, in the GC section.
Albaillella sp. B
(PI. 3, figs. 14-17)
Remarks: Upper part of shell curved to ventral side. This
species may be similar to A. triangularis, but the transverse
bands are weaker than in A. triangularis. This species has
long LW (Fig. 4; length from proximal part of wing to aper-
ture) than A. triangularis.
Occurrence: Late Permian N. optima A. Z. This species
rarely occurs from Gj-14 in the GA section and Gj-142 in the
GC section.
Albaillella yaoi Kuwahara n. sp.
(PI. 3, figs. 18-22)
Albaillella triangularis Ishiga, Kito and Imoto, 1982, pI. 2,
fig. I\.
Albaillella sp. C in Kuwahara and Yao, 1998, pA2, pI. I,
fig.IO.
Diagnosis: Albaillella, which has a conical shell and one
ventral wing, having several pores on last transverse band.
Description: Slightly flattened conical shell has a hol-
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low ventral wing. Upper part of shell curves to ventral side.
Five or more transverse bands exist on the shell surface. A
row of pores opens on the lowermost transverse band. Pores
are circular. Number of pores is four or five on each lateral
view. A ventral wing protrudes between first and second bands
from aperture. Skirt-like distal part sometimes develops near
aperture. H-f1ame is not completely preserved. H-flame is
bladed on dorsal side.
Remarks: This species closely resembles A. triangularis,
but is distinguished from it by the pores on the transverse
bands.
Etymology: This species is named after Prof. YAoAkira,
in honor of his great contribution of Paleozoic and Mesozoic
radiolarian study.
Type material: Holotype is OCUPR 0275 (PI. 3, fig. 19)
from Gj-142; paratype is OCUPR 0277 (PI. 3, fig. 21) from
Gj-142.
Measurements:
feature HS LA LW WI W2 W3 AA sample
specimen flm flm flm flm flm flm degree no.
0275 - - - 81 96 62 - Gj-142
0276 - - - 89 100 - - Gj-142
0277 131 96 12 89 96 65 62 Gj-142
0278 162 89 46 65 81 73* 48 Gj-142
(* excluding dorsal blade)
Occurrences: Late Permian (upper part of the N. optima
A. Z.). This species rarely occurs from Gj-142 in the GC
section.
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Explanation of Plate 1
Scanning photomicrographs of Late Permian Albaillella (Radiolaria) from the Gujo-hachiman section, in the Mino Belt,
Japan. Scale bar: 100 JIm.
Figs. 1-2. Albaillella sp. G
I. OCUPR 0213, Gj-517
2. OCUPR 0214, Gj-517
Figs. 3-13. Albaillella yamakitai Kuwahara, n. sp.
3. OCUPR 0215, Gj-456, holotype
4. OCUPR 0216, Gj-456
5. OCUPR 0217, Gj-456
6. OCUPR 0218, Gj-456
7. OCUPR 0219, Gj-455
8. OCUPR 0220, Gj-455
9. OCUPR 0221, Gj-455
10. OCUPR 0222, Gj-455
II. OCUPR 0223, Gj-455, paratype
12. OCUPR 0224, Gj-446
13. OCUPR 0225, Gj-401
Figs. 14-23. Albaillella cavitata Kuwahara, n. sp.
14. OCUPR 0226, Gj-446, holotype
15. OCUPR 0227, Gj-446
16. OCUPR 0228, Gj-446
17. OCUPR 0229, Gj-446
18. OCUPR 0230, Gj-446
19. OCUPR 0231, Gj-446
20. OCUPR 0232, Gj-446
This specimen seems to have internal form between A. yamakitai and A. cavitata.
21. QCUPR 0233, Gj-446, paratype
22. OCUPR 0234, Gj-446
23. OCUPR 0235, Gj-60
Figs. 24-25. Albaillella protolevis Kuwahara n. sp.
24. OCUPR 0236, Gj-401
25. OCUPR 0237, Gj-401
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Explanation of Plate 2
Scanning photomicrographs of Late Permian Albaillella (Radiolaria) from the Gujo-hachiman section, in the Mino Belt,
Japan. Scale bar: 100 fill1.
Figs. 1-6. Albaillella protolevis Kuwahara n. sp.
1. OCUPR 0238, Gj-140
2. The same specimen as Fig. 1 showing small apertures.
3. OCUPR 0032, Gj-106, holotype
4. OCUPR 0033, Gj-106, paratype
5. OCUPR 0239, Gj-53
6. OCUPR 0240, Gj-14
7. OCUPR 0241, Gj-142
Figs. 8-12. A lbaillella levis Ishiga, Kito and Imoto
8. OCUPR 0242, Gj-60
9. OCUPR 0031, Gj-60
10. OCUPR 0243, Gj-60
11. OCUPR 0244, Gj-14
12. OCUPR 0245, Gj-142
Figs. 13-14. Albaillella lauta Kuwahara
13. OCUPR 0246, Gj-60
14. OCUPR 0247, Gj-60
Figs. 15-17. Albaillella flexa Kuwahara
15. OCUPR 0248, Gj-55
16. OCUPR 0249, Gj-50-9
17. OCUPR 0250, Gj-50-7
Figs. 18-24. Albaillella angusta Kuwahara, n. sp.
18. OCUPR 0251, Gj-47
19. OCUPR 0252, Gj-47, holotype
20. OCUPR 0253, Gj-47, paratype
21. OCUPR 0254, Gj-47
22. OCUPR 0255, Gj-41
23. OCUPR 0256, Gj-32
24. OCUPR 0257, Gj-142
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Explanation of Plate 3
Scanning photomicrographs of Late Permian Albaillella (Radiolaria) from the Gujo-hachiman section, in the Mino Belt,
Japan. Scale bar: 100 !illl.
Figs. 1-5. Albaillella excelsa Ishiga, Kito and Imoto
1. OCUPR 0258, Gj-32
2. OCUPR 0025, Gj-32
3. OCUPR 0259, Gj-23
4. OCUPR 0260, Gj-14
5. OCUPR 0261, Gj-14
Figs. 6-11. Albaillella triangularis Ishiga, Kito and Imoto
6. OCUPR 0262, Gj-14
7. OCUPR 0263, Gj-142
8. OCUPR 0264, Gj-142
9. OCUPR 0265, Gj-142
10. OCUPR 0266, Gj-142
11. OCUPR 0267, Gj-142
Fig. 12. Albaillella sp. D
OCUPR 0268, Gj-14
Fig. 13. Albaillella sp. C
OCUPR 0269, Gj-lO
Figs. 14-17. AlbailleLLa sp. B
14. OCUPR 0270, Gj-14
15. OCUPR 0271, Gj-142
16. OCUPR 0272, Gj-142
17. OCUPR 0273, Gj-142
Figs. 18-22. Albaillella yaoi Kuwahara, n. sp.
18. OCUPR 0274, Gj-142
19. OCUPR 0275, Gj-142, holotype
20. OCUPR 0276, Gj-142
21. OCUPR 0277, Gj-142, paratype
22. OCUPR 0278, Gj-142
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